The human cervical cancer oncogene (HCCR) has been shown to be over-expressed in some solid tumors, and its function is involved in negative regulation of p53 tumor suppressor gene. However, the roles of HCCR in leukemia remain unclear. The present study is to investigate whether the expression levels of HCCR mRNA are associated with clinical prognosis in patients with acute leukemia (AL) and to explore the potential use as a biomarker for monitoring minimal residual disease (MRD) in AL. The mRNA levels of HCCR1 and HCCR2 were quantified by real-time reverse transcription polymerase chain reaction in bone marrow samples from 80 adult de novo AL patients and 20 normal healthy donors. The expressions of HCCR1 and HCCR2 were significantly higher in patients with acute myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL) than those in healthy donors (P < 0.01), but there was no significant difference between AML and ALL (P > 0.05). Besides white blood cell count, we did not find any significant correlation between HCCR expression and clinical characteristics, such as age, sex, CD34 antigen expression, and response to chemotherapy. HCCR was monitored in 12 cases during remission and/or relapse. Significant reductions of both HCCR1 and HCCR2 mRNA levels were observed in patients who had achieved complete remission after chemotherapy but not in patients with non-responsive. However, an increased HCCR expression was detected in these patients who relapsed. Our findings suggest that HCCR gene is over-expressed in AL patients and may be as a useful biomarker for monitoring MRD in AL.
Introduction
Acute leukemia (AL) is the most frequent hematologic malignancy that is characterized by an uncontrolled expansion of clonal leukemia cells in the bone marrow (BM) and/ or peripheral blood. 1, 2 AL is generally classified as either acute myeloid leukemia (AML) or acute lymphoblastic leukemia (ALL), and the primary treatments remain remission induction therapy and postremission chemotherapy. 3, 4 It had been reported that the patients with AL under 60 years old could achieve about 80% complete remission (CR) after induction chemotherapy, but the five-year overall survival rate is only in the range of 30-40%. 5, 6 Recently, with the introduction of high-dose chemotherapy followed by allogeneic hematopoietic stem cell transplantation (allo-HSCT) and the application of several novel therapeutic agents, significant advances have been made in the outcomes of patients with AL. [7] [8] [9] However, AL currently remains an incurable malignancy due to the presence of minimal residual disease (MRD) . Previous studies have demonstrated that sensitive MRD detection could better estimate the total body burden of leukemic cells and allow for earlier therapeutic intervention prior to overt relapse, which would help to improve clinical outcome of patients with AL. [10] [11] [12] [13] [14] Currently available MRD targets in AL include recurrent cytogenetic abnormalities, immunoglobulin heavy-chain/T cell receptor rearrangements, and some gene mutations; unfortunately, well-characterized targets are lacking in many patients with AL. 15 It is therefore highly desirable to identify novel biomarkers of leukemic cells for monitoring MRD in patients with AL.
The human cervical cancer oncogene (HCCR) was first identified by Ko et al. 16 from human cervical tissue through differential display reverse transcription polymerase chain reaction (RT-PCR) method. The HCCR gene maps to the long arm of chromosome 12 and is classified into two species: HCCR1 (GenBank no.AF195651) and HCCR2 (GenBank no.AF315598) according to their molecular characteristics. Comparative studies have revealed that HCCR2 lacks the exon 1 of HCCR1, and they are normal alternative splicing forms. 16, 17 Accumulated data demonstrate that HCCR was not only over-expressed in human cervical cancer tissues but also found to have high-level expression in various human malignancies including breast, kidney, stomach, colon, liver, and ovarian cancer. [15] [16] [17] [18] [19] [20] [21] The functional role of HCCR in tumorigenesis may be related to the negative regulation of the p53 tumor suppressor gene. 16, 21 HCCR1-or HCCR2-transgenic nude mice could form spontaneous breast cancers, which further confirmed the critical role of HCCR in tumorigenesis. 22 Previous study showed that both mRNA and protein of HCCR are markedly increased in leukemia cell lines, such as K562 and HL-60 cells, when compared with normal leukocytes. 16 Although several published data have shown that HCCR expression in some solid tumors is correlated to clinical outcome and confirmed it as a good biomarker of monitoring disease progression, its specific role in leukemia remains elusive. [18] [19] [20] In the present study, we investigated the mRNA levels of HCCR in patients with AL using the real-time RT-PCR method and evaluated whether quantitative detection of HCCR gene is useful for monitoring MRD in AL.
Patients and methods

Clinical samples and cell lines
The study protocol was approved by the Research Ethics Committee at the Second Hospital of Hebei Medical University. BM specimens from patients with AL and adult healthy donors were collected with informed consent in the Second Hospital of Hebei Medical University from 2008 to 2011. A total of 80 patients with newly diagnosed AL (56 AML, 24 ALL) were included in the study according to the criteria revised by the French-American-British classification. 23 Patients were between the ages of 18 and 72 years, and the median age was 37 years. Forty-eight patients were men, and 32 were women. Twenty healthy donors were enrolled as control (12 men and 8 women; median age 35). Leukemia cell lines HL-60 and K562 cells, served as HCCR-positive control, were purchased from the Cell Culture Center in Chinese Academy of Medical Sciences (Shanghai, China).
mRNA isolation and cDNA synthesis
Mononuclear cells (MNC) were obtained from EDTA-anticoagulated BM samples using Ficoll density centrifugation. Total RNA was isolated from MNC using the Trizol reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions, and then cDNA was synthesized from 2 mg total RNA using a first-strand cDNA synthesis kit (Invitrogen, Carlsbad, CA). cDNAs were stored at À20 C until real-time PCR could be carried out.
Quantitative detection of HCCR by real-time PCR
The PCR primers were designed and synthesized from Invitrogen Life Technologies according to previous literature. 19 The primers sequences were as follows: forward primer (AF195651, 58-79): 5 0 -CAGTCACCCCTGG ACATTTTGT-3 0 and reverse primer (AF195651, 175-152): 5 0 -AAGTTCTTCACATCTGCCTTTG GA-3 0 for human HCCR1; forward primer (AF315598, 1081-1100): 5 0 -GGAG GCA GAGAGAGGAGCAG-3 0 and reverse primer (AF315598, 1184-1161): 5 0 -AGCAAG AGGGTTTGT TTCAGTTCT-3 0 for human HCCR2; forward primer (BC014085, 1087-1107): 5 0 -CCCATCACCATCTTCC AGGAG-3 0 and reverse primer (BC014085, 1371-1351): 5 0 -GTTGTCATGGATGACCTTGGC-3 0 for the internal control glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The assay was carried out in a 25 mL reaction mixture containing 12.5 mL of 2Â SYBR Green Reaction Mix (KCl 100 mM, MgCl 2 4 mM, per dNTP 400 mM, Taq DNA polymerase 0.2 U/mL), 2 mL of each primer (final concentration 0.2 mM), 2 mL of template cDNA, and 6.5 mL of double distilled water. The PCR amplification protocol was as follows: an initial denaturation step started with 5-min incubation at 94 C. Three-step PCR cycles (n ¼ 40) consisted of 30-s melt at 94 C followed by annealing for 20 s at 60 C, and an extension for 30 s at 72 C. Data were collected at 60 C for 30 s. The mRNA levels of HCCR1, HCCR2, and GAPDH were detected using ABI 7900 (Applied Biosystems, Sunnyvale, CA) and SYBR Green chemistry. Amplification products were analyzed by melting curve data analysis. The relative quantitation of target genes was calculated with the 2 ÀÁÁCT formula by the comparative cycle threshold (Ct) value method. 24 Real-time RT-PCR assays were performed in triplicate.
Treatment regimens and responses to treatment
The induction therapy for AML patients was the standard DA or IA (daunorubicin/idarubicin plus Ara-C) regimens. The induction therapy for ALL patients included the following: the VDLP (vincristine, daunorubicin, L-asparaginase, prednisone) regimen, VILP (vincristine, idarubicin, L-asparaginase, prednisone) regimen, and the VCDLP (vincristine, cyclophosphamide, daunorubicin, L-asparaginase, prednisone) regimen. The patients with acute promyelocytic leukemia were treated with all-trans-retinoic acid and/ or arsenic trioxide.
CR was defined as a BM aspirate that showed trilineage regeneration with less than 5% blasts by morphological and immunochemical analyses, in the presence of a normal blood cells count that persisted for at least one month, and no evidence of extramedullary leukemia. All other patients were considered as non-responsive (NR). Relapse was defined as the presence of at least one of the following: recurrence of more than 10% leukemic cells in BM or any leukemic cells in PB or extramedullary sites.
Statistical analysis
All statistical data are presented as mean AE standard deviation (SD). Statistical comparisons between groups were conducted using independent samples t-test. Pearson's correlation was used to evaluate the correlation between paired values. All analyses were performed using GraphPad Prism Version 5.0 (San Diego, CA, USA) and P < 0.05 was considered statistically significant.
Results
Expression of HCCR1 and HCCR2 mRNA in AL
The melting curve image for HCCR and GAPDH is shown in Figure 1 . The specificities of HCCR and Figure 2 . Fifty (89.3%) of 56 AML cases and 20 (83.3%) of 24 ALL cases were positive for HCCR1, and 47 (83.9%) of 56 AML cases and 19 (79.2%) of 24 ALL cases were positive for HCCR2. Relative mRNA levels of HCCR1 and HCCR2 in AML patient were (60.9 AE 34.9) Â 10 À3 and (44.6 AE 30.1) Â 10 À3 , respectively. Similarly, the relative mRNA levels of HCCR1 and HCCR2 in ALL patient was (76.9 AE 49.8) Â 10 À3 and (58.1 AE 42.8) Â 10 À3 , respectively. In normal controls, no specific amplification products or only low level mRNA of HCCR1 and/or HCCR2 were detected out. There was a significant difference for HCCR1 and HCCR2 mRNA levels in patients with AL and normal controls (P < 0.001). However, no significant difference was observed in HCCR1 and HCCR2 levels between ALL and AML cases (Figure 3 ).
Relationship between clinical data and expression of HCCR1 and HCCR2
We investigated the correlation between expression levels of HCCR1 and HCCR2 mRNA and age, gender, white blood cell (WBC) count, CD34 antigen expression, and cytogenetics in 80 patients with AL. The clinical characteristics and the HCCR1 and HCCR2 mRNA levels of these patients were outlined in Table 2 . No significant correlation was found between expression levels of HCCR1 or HCCR2 mRNA and patients' age, gender, and the expression of CD34 antigen, whereas a significant positive correlation was noted between expression of either HCCR1 or HCCR2 mRNA and initial WBC count. Moreover, HCCR1 and HCCR2 expression was observed to be higher in the patients with abnormal karyotypes than in those with normal ones (P < 0.01).
HCCR1 and HCCR2 mRNA expression and clinical prognosis of AL patients
In 44 de novo patients with non-M3-AML, 28 patients (63.6%) achieved a CR, and 16 patients (36.4%) are NR after initial induction chemotherapy. The HCCR1 and HCCR2 levels in CR and NR patients at diagnosis were (72.1 AE 48.9) Â 10 À3 and (57.3 AE 45.4) Â 10 À3 , as well as (54.7 AE 36.8) Â 10 À3 and (39.5 AE 28.9) Â 10 À3 , respectively. In 24 patients with newly diagnosed ALL, 17 patients (70.8%) with CR and seven patients (29.2%) with NR after initial induction chemotherapy. The HCCR1 and HCCR2 levels in CR and NR patients at diagnosis were (87.3 AE 46.7) Â 10 À3 and (71.4 AE 35.8) Â 10 À3 , as well as (77.5 AE 43.2) Â 10 À3 and (53.2 AE 31.5) Â 10 À3 , respectively. Either non-M3-AML or ALL, no marked difference was observed in HCCR1 and HCCR2 levels between CR and NR cases (Figure 4 ). Additionally, we had also monitored the HCCR1 and HCCR2 mRNA levels during remission and/or relapse in 12 cases. Among these, HCCR1 and HCCR2 levels, without any exception, decreased at remission and increased again at relapses. Five cases with CR more than six months (3 AML and 2 ALL) were even found to be 0. More importantly, the expression of HCCR1 and HCCR2 increased again in four relapse cases, and the increase of HCCR in these patients is obviously earlier than his cytology relapse. Figure 5 shows the HCCR1 and HCCR2 mRNA levels during remission and/or relapse.
Figure 3 Comparisons of HCCR1 and HCCR2 levels between ALL and AML cases
Values represent the means AE standard deviation (SD). Analyzed by independent samples t-test, ***p < 0.001, with respect to normal control; ns: not significant 
Discussion
Relapse originating from MRD is the major obstacle for doctor to cure in leukemia. For this reason, precise monitoring and early treatment of MRD before relapse occurs are the best strategies to conquer relapse. Additionally, monitoring of MRD is also useful to guide therapeutic regimen, assess early treatment response, and predict prognosis. 10, 14, 25 Currently, several methods for detecting MRD, such as the assay of chromosomal aberrations by fluorescence in situ hybridization (FISH), immunophenotype analysis of leukemic cells using multiparameter flow cytometry (FCM), and the quantitative examination of fusion genes, gene mutations/rearrangements, and overexpressed genes associated with leukemia by real-time PCR, have been developed and widely applied in clinical practice. 15, 26, 27 Among these, real-time PCR has proved to be the most sensitive techniques (10 À4 to 10 À5 ) for MRD follow-up with a high specificity, which is superior to that of FISH or FCM. However, there are some limitations to the application of real-time PCR in leukemia because most of patients with AL lack the specific genetic markers, such as AML1/ETO PML/RARa, inv (16) , and BCR/ ABL. As a result, it is crucial to identify new widely expressed specific targets in patients with AL, especially for whom standard screening strategies fail to find a recurrent genetic marker. To our knowledge, HCCR is negative in BM and/or peripheral blood cells isolated from healthy donors. In the present study, although weak HCCR1 and/or HCCR2 mRNA has also been detected out in some normal BM samples by real-time RT-PCR, it is not a problem to distinguish the leukemia-associated expression from healthy individuals. We found very low HCCR1 (13.7 AE 4.6) Â 10 À3 and HCCR2 (8.4 AE 4.9) Â 10 À3 levels in 20 healthy subjects, and this difference was found to be highly significant between patients with AL and normal controls (P < 0.001). We investigated the expression of HCCR mRNA in AL and the possibility of using HCCR as a useful biomarker for patients with AL. Our findings showed that HCCR mRNA is abnormally increased in both AML and ALL patients when compared with normal control group, while neither HCCR1 nor HCCR2 expression is significantly different between AML and ALL cases. Although HCCR gene was confirmed to be a pan-tumor expressed oncogene, it can not be considered as a biomarker to distinguish between AML and ALL.
We further examined whether HCCR mRNA expression in patients with AL is related to different clinical parameters. The results indicated that the level of HCCR mRNA in patients with AL is relatively well correlated with known factors, including the initial WBC count and cytogenetics, but no apparent correlation was found between expression of either HCCR1 or HCCR2 mRNA and response to initial chemotherapy. According to currently available data, HCCR has not been regarded as a poor prognostic indicator in AL. Further studies are required to ascertain whether HCCR gene influences the long-term prognosis of patients, especially progression-free survival and overall survival. Importantly, a significant decline or disappearance in HCCR1 and/or HCCR2 expression after the achievement of CR and recurrence or re-increase before overt cytological relapse are observed in patients with AL. These findings suggest that HCCR may be a good candidate to determine MRD and to predict relapse before morphologic relapse and even molecular relapse.
The function of HCCR gene and its protein is not yet clear. Accumulated data indicate that over-expression of HCCR gene is involved in tumor development and progression in a variety of malignant tumors. The role for HCCR gene in cancer early diagnosis and aggressiveness has been elucidated through efforts to examine HCCR1 and HCCR2 mRNA in both benign diseases and cancer. HCCR is overexpressed in hepatocellular carcinoma compared with the non-tumorous cirrhosis tissues but is undetectable in normal liver tissue. 18 Jung et al. 19 reported that the assay of HCCR oncoprotein had an advantage over carbohydrate antigen 15-3 (CA15-3) in diagnosing the early stages of breast cancer. Ha et al. 20 found that HCCR1 was elevated in breast cancer cells and tissues compared with normal breast tissues, and suggesting the level of HCCR1 is relatively well correlated with known breast cancer factors, including the HER2 over-expression, p53 mutation, and ER/PR status. A previous report by Cho et al. 28 indicated Figure 4 Correlations between expression levels of HCCR1 and HCCR2 mRNA and response to initial induction chemotherapy Values represent the means AE standard deviation (SD). Analyzed by independent samples t-test; ns: not significant; CR: complete remission; NR: non-responsive that uncontrolled HCCR1 expression may cause mitochondrial dysfunction, which lead to resistance of UVC-induced apoptosis and cancer development. Several studies have demonstrated that HCCR1 oncogene expression was regulated by the PI3K/Akt signaling pathway, and the EGFinduced HCCR1 over-expression via PI3K/AKT/mTOR signaling plays a pivotal role in pancreatic tumor progression. 29, 30 In our previous work, silencing HCCR2 by siRNA in vitro significantly suppressed cell proliferation, induced G1 cell cycle arrest, and promoted the apoptosis in K562 leukemia cells. 31 However, the exact implications of HCCR over-expression in leukemia cells in vivo remain unknown. In the present study, we found that the expression of HCCR was much higher in AL patients with chromosomal abnormalities than in those with normal chromosomes. It is well known that abnormal karyotype often resulted in the emergence of oncoproteins, which generally involved in the intracellular signaling pathways. Thus, we speculate that HCCR protein may play an important role in the intracellular signalling pathways, regulating cellular proliferation, differentiation, and apoptosis in leukemia cells. Based on our findings, the HCCR gene appears to be important in the tumorigenesis of AL and may be a potential therapeutic target.
In conclusion, our present results found that HCCR was universally expressed leukemia gene. The expression levels of both HCCR1 and HCCR2 are useful biomarker for monitoring MRD in patients with AL, particularly for those individuals without known specific genetic markers. Although the precise mechanisms remain unclear, further studies are required to definite HCCR as a novel molecular target for the therapy of leukemia.
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